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Background. Current K-DOQI recommendations call for an
assessment of dialysis adequacy that depends critically on an
estimate of total body water (TBW). Such estimates are prob-
lematic in children since the range of patient size is large, and
often formulas derived in normals are not validated in end-stage
renal disease. Gold standard methods of TBW measurement,
such as deuterium dilution (2H2O), are not appropriate in the
clinical setting, yet noninvasive methods such as bioimpedance
analysis (BIA) and dual energy x-ray absorptiometry (DEXA)
have not been independently validated.
Methods. We studied 14 stable pediatric dialysis patients on
1 to 3 occasions using 2H2O dilution, BIA, DEXA, and anthro-
pometry to measure TBW. We compared our data set to pre-
viously published formulae for TBW to determine root mean
square error (RMSE) and skew of the estimate.
Results. TBW prediction based upon the anthropometric for-
mula proposed by the Pediatric Peritoneal Dialysis Consortium
provided the best fit to our independent data set with RMSE =
2.15 L, and no skew by Bland-Altman analysis. Other formulas
produced large, clinically relevant errors; obese subjects con-
founded many estimates. TBW calculated from hydrated lean
body mass from DEXA scan was reliable with RMSE = 1.03
L and no skew. BIA-derived estimates can be useful, although
the magnitude of RMSE ranged from 1.45 to 6.24 L, and one
formula produced skewed results.
Conclusion. Techniques for estimating TBW in pediatric dial-
ysis patients must be validated by independent data sets before
being incorporated into clinical and research practice.
Kinetic modeling of hemodialysis (HD) and peritoneal
dialysis (PD) prescriptions requires a meaningful esti-
mate of total body water. Current Kidney-Dialysis Out-
comes Quality Initiative (K-DOQI) recommendations
are to determine the adequacy of peritoneal dialysis by
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calculation of volume-normalized clearance as Kt (clear-
ance time-product)/V, where the volume of distribution
of urea (Vdurea) is considered equal to total body water
(TBW) [1]. The estimate of TBW used in the denomi-
nator of this calculation dramatically affects the calcu-
lated Kt/V, leading to widely fluctuating measurements
of dialysis adequacy. Further, kinetically derived Vdurea
in hemodialysis patients can be complemented by a reli-
able anthropometrically derived TBW to determine ac-
cess recirculation or other causes of inadequate dialysis
delivery [2]. Thus, prediction of body water in a variety
of patient populations has received increased effort and
scrutiny; however, studies in children with end-stage re-
nal disease (ESRD) are particularly difficult because of
small patient numbers.
The gold standard for measurement of TBW is iso-
tope dilution, but this method is only appropriate in re-
search settings. Estimates of TBW in children derived
from measurements made by isotope dilution have been
proposed, including that of Mellits and Cheek [3], and
that of Friis-Hansen [4]. However, these estimates were
derived in normal children, not those with renal failure
in whom conventional assumptions of fluid balance may
not apply. The most recent K-DOQI recommendations
[1] include use of the Mellits and Cheek formulas for
children with ESRD despite the lack of validation in this
population. A reanalysis of the data set originally pub-
lished by Mellits and Cheek has been performed in an at-
tempt to improve the reliability of the original estimates
[5]. The Pediatric Peritoneal Dialysis Study Consortium
(PPDSC) has performed measures of total body water in
a group of children with ESRD ages 4 months to 19 years
receiving chronic PD, and they have published formu-
las for male and female subjects that permit calculation
of TBW from height and weight [6]. Their comparison
of measured TBW by deuterium oxide (2H2O) dilution
and Mellits and Cheek data in a set of subjects receiv-
ing PD showed a clinically important difference in calcu-
lated Kt/V. Even the reanalyzed Mellits and Cheek data
performed only slightly better than the original estimate.
Other investigators have studied TBW by bioimpedance
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analysis (BIA) and 2H2O dilution in a sample of chil-
dren receiving chronic PD and hemodialysis [7]. We now
provide an independent data set of total body water in
children with ESRD to demonstrate the validity of the
assumptions in the PPDSC model, as well as estimates
proposed by other groups.
In clinical research and clinical practice, attempts have
been made to utilize noninvasive methods of body water
assessment, such as BIA and dual energy x-ray absorp-
tiometry (DEXA), to estimate total body water [8]. These
methods offer convenience and the possibility of apply-
ing individualized measurement of TBW when research
measures such as isotope dilution are unfeasible. Chertow
et al validated BIA as a surrogate for 2H2O in assessing
TBW in adults with ESRD receiving long-term HD [9].
Pediatric studies of these methods have been performed
in normal subjects and in a variety of disease states [10–
13].
In the present study, we measured TBW in children
with ESRD treated by PD or HD utilizing 2H2O dilution,
an accepted technique for accuracy and reliability [14].
Measured total body water in these subjects was com-
pared to published formulas for children, looking at both
closeness of estimate (error) and skew (different errors
occurring in subjects of differing size). Further, we per-
formed DEXA scans and BIA on the same subjects at the
time of their TBW measurement and compared it to pre-
viously published estimates from normal children using
formulas of Davies [15] and Kushner [16]. This allowed
us to assess the reliability of each noninvasive method
compared to the gold standard, deuterium dilution, for
general clinical use and clinical research.
METHODS
After written informed consent was obtained from par-
ents and subjects, we measured total body water in 14 sta-
ble pediatric patients with ESRD on 1 to 3 occasions. All
prevalent PD and HD patients were offered participa-
tion. The preponderance of patients received PD, which
reflected the practice in our center and most other pedi-
atric dialysis centers. No subject had confounding resid-
ual renal function, and there was no urine output during
the 4-hour study period in any child. Subjects were stud-
ied at their estimated dry weight (EDW), and assessed
according to response to ultrafiltration (by blood pres-
sure, symptoms, and clinical examination). Studies were
performed in the General Clinical Research Center after
overnight fast. Those receiving nightly peritoneal dialysis
had a prolonged final drain prior to the study. Hemodial-
ysis patients were studied on an interdialytic day to avoid
body water space disequilibrium from dialysis and ul-
trafiltration. Simultaneous measurements of TBW were
made by deuterium dilution, BIA, and DEXA during the
same 4-hour period.
Table 1. Formulas for calculating total body water as referred to in
text
Davies
TBW = 0.6(Ht2/resistance) −0.5
Kushner et al
TBW = 0.593(Ht2/resistance) + .065(Wt) + .04
Wu¨hl et al
TBW = 0.144(Ht2/resistance) + 0.4(Wt) + 1.99.
Friis-Hansen
TBW = 0.135(Wt)0.666(Ht)0.535
Mellits and Cheek
Males
TBW = −1.927 + 0.465(Wt) + 0.045(Ht), when Ht ≤ 132.7 cm
TBW = −21.993 + 0.406(Wt) + 0.209(Ht), when Ht ≥ 132.7 cm
Females
TBW = 0.076 + 0.507(Wt) + 0.013(Ht), when Ht ≤ 110.8 cm
TBW = −10.313 + 0.252(Wt) + 0.154(Ht), when Ht ≥ 110.8 cm
Morgenstern et al recalculation of Mellits and Cheek
Infants 0–3 months
TBW = 0.887(Wt)0.83
Children 3 months to 13 years
TBW = 0.0846 × 0.95[if female] × (Ht × Wt)0.65
Children >13 years
TBW = 0.0758 × 0.84[if female] × (Ht × Wt)0.69
PPDSC
Boys
TBW = 0.074(Ht × Wt)0.66
Girls
TBW = 0.117(Ht × Wt)0.59
Watson et al
TBW = 2.447–0.09516(age)+ 0.1074(Ht)+0.3362(Wt)
First, deuterium oxide (2H2O, isotopic purity ≥99.9%)
(60 mg/kg) was administered as an oral liquid dose in
the morning in the fasting state. Serum samples were
collected at baseline, at 3 and 4 hours postdose, and
kept frozen until analysis. Deuterium dilution space (ND)
was calculated from the enrichment of the second serum
sample relative to the baseline serum sample, and was
measured using isotope ratio mass spectrometry (Nuclide
3–60 HD). TBW was calculated from the isotope dilution
space assuming TBW = ND/1.041 [14].
Whole body DEXA (scanner model DPX-L, Lunar
Radiation Corp, Madison, WI, USA) was performed be-
tween the baseline and 3-hour 2H2O sample collections
so measurements would be simultaneous. Results were
analyzed by the device proprietary software version 3.6,
which allowed measurement of lean body mass, fat mass,
and bone mineral content. Total body water was calcu-
lated from lean body mass obtained from DEXA scan,
multiplied by an age-adjusted hydration constant [17].
Single frequency BIA (RJL Systems, Detroit, MI,
USA) at 50 KHz was performed at the same time as
DEXA scanning and 2H2O dilution. TBW was calculated
according to the formulas of Kushner et al [16] and Davies
[15], both intended to be applied in children, and by Wu¨hl
et al, derived in pediatric dialysis patients [7] (shown in
Table 1).
Total body water was calculated from anthropomet-
ric formulas of Friis-Hansen [4], Mellits and Cheek [3],
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Morgenstern et al recalculation of Mellits and Cheek data
[5], Watson et al [18], and the Pediatric Peritoneal Dialysis
Study Consortium [6] (shown in Table 1), and compared
to results obtained from 2H2O dilution.
This study was reviewed and approved by the Institu-
tional Review Board of the Children’s Memorial Hospi-
tal, Northwestern University, Chicago, Illinois.
Statistical analysis
Subjects’ height and weight are expressed as Z-scores
(number of standard deviations above or below mean
for age and gender) [19]. Weight for height and body
mass index (BMI) by age- and gender-adjusted percentile
(mean ± SD) are shown [20]. Absolute BMI is not shown
as this measure varies significantly throughout childhood,
and standard adult norms for obesity do not apply in the
pediatric population [20].
The reliability of each estimate of total body water
(TBW) was compared to the gold standard method,
2H2O dilution, by comparing root mean squared errors
(RMSE). To determine if a method for estimating TBW
was skewed (i.e., errors were nonrandom), we performed
Bland-Altman analysis [21]. In that analysis, we com-
pared the difference between each estimate of TBW and
the measured value by 2H2O dilution (gold standard),
and graphed it against the gold standard measure (2H2O
dilution). Regression analysis was performed (Quattro
Pro 10 for Windows), and R value with P < 0.05 was
considered evidence of significant skew to the estimate.
Further, we calculated a mean difference between the
measured and estimated TBW and 95% CI for each es-
timate to determine whether the method would provide
clinically relevant data.
RESULTS
Characteristics of study participants are shown in
Table 2. The predominant mode of therapy is peritoneal
dialysis, as reflects the practice in our pediatric dialysis
unit. Our subjects are short, with mean Z score of −2.2
± 1.17. In fact, only 5 subjects have heights within the
normal range for age (>5th percentile), and only 1 ap-
proaches the 50th percentile. More than half the subjects
are receiving recombinant human growth hormone. Sub-
jects are not undernourished, as assessed by weight for
height percentile or BMI percentile [20].
The accuracy of different models is shown by differ-
ences in RMSE as shown in Table 3. Among previ-
ously published formulas, the estimate derived from the
PPDSC provides the best fit to our data, with RMSE of
2.15 L. Formula of Friis-Hansen, although derived in nor-
mal children, nonetheless results in a RMSE of only 2.35
L. The K-DOQI-recommended Mellits and Cheek for-
mula has a RMSE of 3.19 L, while the Morgenstern re-
Table 2. Characteristics of study subjects
Total subjects/males 14/9
Mean age ± SD (range) 12.2 ± 5.6 years (3–20)
PD/HD 11/3
Mean height Z score ± SD −2.21 ± 1.17
Mean weight Z score ±SD −1.48 ± 1.47
Mean weight for height percentile ± SD 61 ± 24
Mean BMI percentile ± SD 46 ± 31
Subjects receiving rhGH therapy 8
rhGH, recombinant human growth hormone.
Table 3. Accuracy of models of TBW
Model RMSE (L) RMSE (L) censored
Anthropometric formula
Friis-Hansen 2.35 2.27
Mellits and Cheek 3.19 2.95
Morgenstern recalculation of MC 4.89 4.96
Pediatric PD Study Consortium 2.15 1.88
Watson 8.95 9.07
Bioimpedance analysis formulas
Wu¨hl and Schaefer 6.24 2.19
Davies equation 2.61 2.31
Kushner equation 1.45 1.48
DEXA scan 1.03 1.01
Abbreviations are: RMSE, root mean squared error; DEXA, dual energy
x-ray absorptiometry; RMSE censored, RMSE for each model censored for
repeated patients.
calculation of Mellits and Cheek data does not result in
an improvement in estimate of TBW (4.89 L). Root mean
square error from Watson is the greatest, reflecting the
fact that the Watson model was derived for adult sub-
jects, and its use in pediatric subjects creates large errors
because of the age term.
Mean differences, as well as 95% CI, for the dif-
ferent methods are provided below. Results of Bland-
Altman analysis are indicated to determine whether
any model was skewed, or whether the errors in esti-
mates of TBW were random. The mean difference for
the Friis-Hansen model is an overestimate of TBW by
1.05 ± 2.07 L (95%CI 0.22–1.88), while the Watson
model overestimated by 8.7 ± 2.55 L (95%CI 7.91–9.51).
The errors for both estimates were random by Bland-
Altman analysis. The Mellits and Cheek formula over-
estimated TBW by 2.0 ± 2.54 L (95%CI 1.01–2.98), but
the formula also introduced a new error. Bland-Altman
analysis demonstrated that the Mellits-Cheek formula
consistently underestimated TBW in smaller subjects,
and overestimated TBW in larger subjects (i.e., there was
systematic skew to this estimate of TBW) (R = .73, P <
.001), as shown in Figure 1. In the reanalysis of Mellits-
Cheek formula by Morgenstern et al, this skew persisted
(R = .74, P < .001), with TBW underestimated in small
subjects and overestimated in large subjects, as shown
in Figure 2. The Morgenstern reanalysis of the Mellits-
Cheek formula also had a somewhat greater underes-
timate of TBW and a somewhat wider CI (mean error
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Fig. 1. Bland-Altman analysis of the error of the Mellits and Cheek
estimate of total body water compared to deuterium oxide (2H2O) as
a function of weight. Note systematic skew to the estimate (R = 0.73,
P < .001).
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Fig. 2. Bland-Altman analysis of the error of the reanalyzed Mellits
and Cheek (Morgenstern et al) estimate of total body water compared
to deuterium oxide (2H2O) as a function of weight. Note systematic
skew to the estimate (R = 0.74, P < .001).
3.19 ± 3.76 L, 95%CI 1.73–4.65). Again, the PPDSC es-
timate was closest, with mean difference of 0.01 ± 2.19
L (95%CI –0.86 to 0.84), and no evidence of skew (R =
0.03, P= 0.9), as shown in Figure 3.
TBW measured by DEXA scan using lean-body mass
multiplied by age-appropriate hydration constants pro-
vided the closest estimate of TBW, with RMSE of 1.03 L.
On average, DEXA calculations underestimated TBW
by only 0.14 ± 1.03 L (95%CI –0.27 to 0.55); there was
no systematic skew to this estimate of TBW when tested
by Bland-Altman analysis (R = .31, P= 0.12).
Total body water was estimated from single-frequency
BIA using the equation of Davies et al. The RMSE of
this method was 2.61 L and, on average, calculated TBW
consistently underestimated 2H2O TBW, with a mean dif-
ference of 2.32 ± 1.22 L (95%CI 1.82–2.83). There was
no systematic bias to the calculation by Davies equation
when tested by Bland-Altman analysis (R = .02, P= 0.93).
Total body water was also estimated from single-
frequency BIA using the equation of Kushner et al. This
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Fig. 3. Bland-Altman analysis of the error of Pediatric Peritoneal Dial-
ysis Study Consortium estimate of total body water compared to deu-
terium oxide (2H2O) as a function of weight. There is no systematic
skew to the data (R = .03, P = .9). Note that mean error of TBW is so
small (.01 L) that the mean difference line cannot be displayed by the
x axis.
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Fig. 4. Bland-Altman analysis of the error of BIA-calculated TBW
from the Kushner equation compared to measured TBW by deuterium
oxide (D2O). Note systematic skew to the estimate (R = 0.48, P = .01).
calculation of TBW provided a good estimate of true
TBW, with a mean difference of only 0.33 ± 1.44 L
(95%CI –0.93 to 0.26) and a RMSE of 1.45 L. While
this calculated value deviated from measured TBW only
modestly, the calculation was skewed when tested by
Bland-Altman analysis (R = 0.48, P= 0.01), resulting
in greater differences for larger subjects, as shown in
Figure 4.
The formula of Wu¨hl et al had a large RMSE (6.24)
in our population because the coefficient for weight (0.4)
is larger than the coefficient of the Kushner equation,
therefore giving greater emphasis on weight. Thus, obese
subjects confounded the estimate. When measurements
for subjects with BMI >95th percentile were excluded,
the Wu¨hl BIA formula had a RMSE of only 0.98.
DISCUSSION
The assessment of body composition in children is com-
plicated for many reasons: as children grow, body compo-
sition changes in ways that are not always predictable or
well-studied, opportunities to study normal children are
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Table 4. Illustrative data for studies in five subjects
Male age 11 Male age 17 Male age 13 Female age 12 Male age 4
Ht 114.7 cm Ht 160 cm Ht 139.2 cm Ht 145.6 cm Ht 100 cm
Wt 20.5 kg Wt 57.9 kg Wt 52.5 kg Wt 30.7 kg Wt 17.2 kg
BMI 15.6 BMI 22.6 BMI 27.1 BMI 14.5 BMI 17.2
(15th percentile) (60th percentile) (95th percentile) (5th percentile) (85th percentile)
True TBW (2H2O) in L 12.46 30.04 20.61 17.43 11.87
Measured Kt/V 1.78 2.27 2.17 2.06 1.92
TBW in L Friis-Hansen 12.76 30.44 26.47 18.97 10.55
Calc. Kt/V Friis-Hansen 1.74 2.24 1.69 1.89 2.75
TBW in L Mellits 12.77 34.95 28.41 19.85 10.57
Calc. Kt/V Mellits 1.74 1.95 1.58 1.81 2.15
TBW in L Morgenstern 13.14 41.38 27.47 18.96 10.73
Calc. Kt/V Morgenstern 1.69 1.65 1.63 1.89 2.12
TBW in L PPDSC 12.43 30.71 26.26 16.67 10.11
Calc. Kt/V PPDSC 1.79 2.22 1.71 2.15 2.25
TBW in L Wuhl 12.35 31.80 27.27 17.97 11.14
Calc. Kt/V Wuhl 1.8 2.15 1.64 1.99 2.04
TBW in L Davies 8.50 27.23 17.33 14.94 7.88
Calc. Kt/V Davies 2.61 2.51 2.58 2.40 2.89
TBW in L Kushner 10.28 31.21 21.08 17.29 10.5
Calc. Kt/V Kushner 2.16 2.19 2.13 2.07 2.16
TBW in L DEXA 11.92 27.41 19.09 17.83 12.21
Calc. Kt/V DEXA 1.86 2.49 2.35 2.01 1.86
limited, and a wide spectrum of diseases affect growth and
body composition [22]. Nonetheless, body composition
and body water determination have been studied using
invasive and noninvasive methodologies in normal chil-
dren, and those with a variety of disease states, which pro-
vides some guidance in approaching children with ESRD.
Butte et al evaluated body composition and total body
water in healthy infants and toddlers using 2H2O dilution,
total body electrical conductivity, total body potassium,
and DEXA, and found substantial and significant differ-
ences between the methods; however, those differences
varied depending upon age (although not gender or infant
feeding mode) [12]. Methods were not interchangeable
for the group or for individual estimates, and the magni-
tude of the differences varied by age, making it difficult to
correct biases. Beertema et al measured total body water
by 2H2O and BIA in normal children, and those with a
variety of growth and nutritional disorders utilizing equa-
tions of Kushner and Davies, as well as models they de-
rived from their own subjects [11]. They demonstrated a
similar skew in TBW estimate by the Kushner BIA equa-
tion, as did we. Not unexpectedly, their model (which
was derived from the data under observation) showed
a smaller error in estimating TBW than estimates using
previously published models. In a series of HIV-infected
children studied by BIA, DEXA, and 2H2O dilution, sig-
nificant differences in TBW were found when previously
published models were applied, and new regression equa-
tions were proposed for this population [10].
Children with ESRD are more likely to have a distur-
bance in TBW, and one may hesitate to apply published
models. However, the ability to manipulate TBW through
hemodialysis and ultrafiltration provides a unique oppor-
tunity to test such a hypothesis. Bradbury et al did this in
a study of children receiving chronic hemodialysis [23].
Single frequency BIA performed during isovolemic dial-
ysis demonstrated no change in body water, while BIA
performed through ultrafiltration showed good correla-
tion with, and reasonable prediction of, measured vol-
ume removed, with two outliers. Notably, the constant for
ht2/R was nearly identical to those previously reported by
Davies [15] and Kushner [16], confirming the validity of
the method for measurement of TBW in dialysis-treated
ESRD.
A study of adults with ESRD treated with PD, HD,
or renal transplant provides interesting comparison [24].
BIA using Kushner’s equation for adults [25] provided
a reasonable estimate of TBW compared to 2H2O, al-
though with wide limits of agreement; there was no dif-
ference between the different patient groups. However,
as in our subjects, the BIA estimate of TBW appears
to be skewed, with overestimation in smaller subjects,
and underestimation in larger subjects. Chertow et al uti-
lized BIA in a large population of hemodialysis patients
to develop a model to predict TBW, and validated that
prediction in a subset of the population [26]. They demon-
strated large RMSE and significant bias in the TBW for-
mulas of Watson and Hume-Weyers [27], which would
have markedly overestimated prescribed dialysis dose.
A shortcoming of our study is the small patient num-
ber, which reflects the overall size of the pediatric dialysis
population available for study. Clearly there were insuf-
ficient patients to distinguish between renal replacement
modalities, and the errors in TBW we demonstrated may
differ in magnitude between hemodialysis and peritoneal
dialysis patients.
Mendley et al: TBW and deuterium dilution in pediatric dialysis patients 2061
In viewing the Bland-Altman analysis of Mellits and
Cheek formulas, and the Morgenstern formulas shown
in Figures 1 and 2, one is struck by the divergence of
calculated values from 2H2O TBW in larger subjects
(>40 kg). That effect is likely the result of the different
formulas for certain heights and ages that characterizes
these methods. In this case, the Bland-Altman analysis
serves to demonstrate that the error across the study pop-
ulation is not randomly distributed; rather, there is an
underestimation in the smaller subjects, as well as an over-
estimation in larger subjects. Further, one must consider
the relative impact of the TBW error on Kt/V calcula-
tions in small children (i.e., a 1.5 L error in a 15 kg child
is of comparable clinical relevance to a 5 L error in a
50 kg child) (Table 4).
A clinically important limitation in our ability to utilize
models is in predicting TBW in obese subjects, as fat is
relatively anhydrous; our most significant outlier was a
subject whose BMI was >95th percentile. Earlier data
sets were derived in children who may have been leaner
or more fit than our patients. Many children with ESRD
are sedentary and deconditioned relative to their peers,
and those treated with PD may be obese from the large
glucose load. DEXA scan offers an important advantage
in this regard because it provides more complete body
composition, including an assessment of fat mass and lean
body mass, which permits calculation of total body water
[28].
In fact, TBW measured by DEXA scan provided the
best estimate of true TBW with the smallest error and
without systematic skew. The technique is easy to perform
and was well tolerated by our subjects without sedation.
Radiation dose is very small, and should not be an impedi-
ment to well-planned diagnostic and research studies. The
technique is suited to widely divergent subject size and
body habitus. The equipment to perform body compo-
sition analysis is widely available, although appropriate
software for pediatric analysis is required. However, one
must be aware of model-to-model differences in DEXA
scanners, which may cause inconsistencies in estimation
of fat free mass. There are few studies that directly com-
pare different DEXA scanners or validate them by the
4-compartment model. This is particularly a concern for
small children (under 20 kg, near the limit of reliability
of the machines), and young children with less than fully
mineralized bone. Further, while the simultaneous mea-
surement of bone mineral content may be useful in the
ESRD population, interpretations should be performed
cautiously [29].
The importance of accuracy and reproducibility in
models of TBW becomes apparent when one attempts to
prescribe therapies based upon individual or population
estimates. Emphasis on adequate delivery of dialysis ther-
apies has resulted in prescription guidelines for HD and
PD that rely on such TBW estimates [1]. If the estimate of
TBW is incorrect, significant errors in Kt/V estimates will
occur (see Table 4) [6]. Current K-DOQI recommenda-
tions include the use of the Mellits and Cheek formula for
estimation of TBW, but our data demonstrate systematic
errors in the estimate of TBW using this recommended
model. The formula proposed by the Pediatric Peritoneal
Dialysis Study Consortium provided the best estimate of
TBW and, although it must be recognized as still rela-
tively imprecise, we recommend its adoption in this set-
ting. The 95% confidence interval for this estimate (−.86
to.84 L) makes it useful for all but the smallest of children
receiving PD.
CONCLUSION
Several authors have utilized careful measurements of
their subjects to define new models to estimate TBW.
However, a limitation to each of these efforts must be
recognized; the model derived from the data set will al-
ways appear closest to the ideal, and may give a falsely
optimistic assessment of the validity of the derived rela-
tionship [30]. However, the true value of an independent
data set such as this one is to test previously published
formulas to verify their estimates of TBW, as in Table 3.
Techniques for estimating TBW in children with ESRD
are now utilized more widely as our focus expands to mea-
sures of dialysis adequacy and their impact on growth.
Clinicians and researchers must remain acutely aware of
the limitations of these techniques and the need for on-
going validation and refinement of estimates of TBW.
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